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(57) Abstract: Disclosed is a magnetic circuit which enables to omit formation of a corrosion-resistant metal coating and thus can 
be produced at low cost. Also disclosed is a voice coil motor or an actuator. Specifically disclosed is a magnetic circuit compris- 
ing a yoke member which is made of a plate having a thickness of not less than 0.1 mm and not more than 5 mm and composed 
of a Cr-containing heat-resistant steel member or a martensitic, ferritic or precipitation hardened stainless steel member having a 
chemical composition comprising, in mass%, 0.0001-2% of C, 0.0001-5% of Si, 0.001-2% of Mn, 0.0001-0.1% of P, 0.0001-0.2% 
of S, 0.0001-5% of Al, 0.0001-0.1% of O, 0.0001-0.1% of N, 0.0001-1% of Ni, 10.5-30% of Cr, at least one alloy element selected 
from Ti, Co, Cu, Zr, Nb, V, Mo, W, Ta and B as additional elements in an amount of 0.0001-5% in total, and the balance of Fe and 
unavoidable impurities. 
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61 


SUS 
304 


SUS 
316 


mumm 

ffilt (T) 


1 rri 

I .Ou 1 


1 RH9 


1 RAft 
I .040 


1 RRft 


i . /yo 


1 7Q7 
I . /O / 


I .oUO 


Z.UoU 


1 ~7~70 


U.UoZ 


U.Uol 


mxttm 


/u I 


04U 


a Qn 
4oU 




OCT 


1 Z /O 


1 4yo 


Z4 /0 


o49 


4 


5 


(a 

/m) 


Aft/1 


RR9 


q 1 n 
y I u 


4oU 


QQQ 


1 79 


1 rh 
I DU 


>1 9H 
4ZU 


/D4 


A ~7C\ 

4 IK) 


DDI 


mi a) 


0.576 


0.571 


0.575 


0.576 


0.587 


0.586 


0.588 


0.611 


0.587 


0.230 


0.225 


£tspcc 

(%) 


Q4 ft 


Qft R 

y o.o 


CM 1 


QA ft 


Qfi 1 


QR Q 

yo.y 


OR 9 


1 nn o 
I uu.u 


OR 1 

yo. i 


Q7 R 
O / .0 


OD.O 


lA(mT) 


ft 9ft 


ft RR 


ft ZlR 


ft 9ft 


7 09 
/ .uo 


R RR 
0.00 


R OR 


R Oft 


R 4ft 
0.40 


1 ft RR 
I o.OO 


1 ft 7H 
I O. /U 


■A/ 
(ppm) 


14288 


14991 


14696 


14288 


11976 


11195 


10289 


8232 


11039 


59348 


60889 


lB(mT) 


7.70 


7.51 


8.30 


7.70 


8.00 


6.98 


6.53 


5.65 


6.55 


8.40 


8.50 


IB/ 

(ppm) 


13368 


13152 


14435 


13368 


13629 


11911 


11105 


9247 


11158 


36522 


37778 


HRB 


87.8 


91.7 


92.9 


94.8 


80.4 


77.2 


71.2 


57.1 


HRC 

53 


83.8 


85.4 




I 


I 


I 


I 


I 


II 


II 


III 


III 


I 


I 



[0053] [^»!|8~37] 

[0054] #^tvfc200mm«J?(D^^1100~1200 o C^*P|^-^b, B^ffiM#-e 
J£MU tt_htf?M850~950 o C-e«TOl0mmi:L^:o SM^b^ (800—100 
0t)|, «^t5fe, ^mj±MK^m^mra(DUW-t^tz. 0 ^<Df^600~900°C-e 
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[0055] ±m<Dmmnn(D^ti^ti&mMMi~7bmmKi]i\j:\^x, _hra— ?m<D2m 

[0056] ^tltb±TS~?tf(Dfaffltp>b>iifMl^ ft^C^^/V^r— ^493kj/m 3 (DNd-Fe 

[0057] ±m(D3-^mn^xxfm^mm(7)mn l w^mmmi-7tmmKvxw\&u 

[0058] [ifcWJ5~28] 

Jttfc^LT, mlK$t^TV^§ii^•<DSPCC^Pi(D^:$4mm(D«|^|i(-(i:b»!J5) 

[0059] , ^4, ^6*5 J;TJ^8, ^lOfcfetfS r^fSPCCj (DJg g {2 X Jfctfc0!l5©flfc|C:i:fc 

Mir^mmm^m^ (ppm) ^ltv ^ 0 

[0060] [^3] 
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mmm 






8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


mm 


SUH 
409L 


SUH 
409 


SUS 
41 0L 


SUS 
403 


SUS 
410S 


SUS 
410F2 


SUS 
405 


SUS 
410 


SUH 
11 


SUS 
416 


SUS 
410J1 


SUS 
429 


SUH 1 


SUS 
430 
J1L 


SUS 
430 LX 




c 


0.01 


0.02 


0.03 


0.11 


0.05 


0.12 


0.04 


0.14 


0.51 


0.08 


0.13 


0.07 


0.46 


0.01 


0.02 




Si 


0.46 


0.65 


0.40 


0.31 


0.62 


0.65 


0.62 


0.92 


1.55 


0.50 


0.65 


0.57 


3.32 


0.45 


0.41 




Mn 


0.24 


0.24 


0.49 


0.51 


0.49 


0.57 


0.51 


0.91 


0.35 


0.65 


0.61 


0.59 


0.28 


0.45 


0.25 




P 


0.027 


0.033 


0.021 


0.031 


0.028 


0.029 


0.021 


0.038 


0.021 


0.028 


0.027 


0.029 


0.019 


0.018 


0.025 




S 


0.002 


0.002 


0.001 


0.020 


0.010 


0.018 


0.022 


0.028 


0.021 


0.021 


0.020 


0.018 


0.023 


0.012 


0.009 




Al 


0.010 


0.021 


0.003 


0.009 


0.012 


0.011 


0.180 


0.040 


0.035 


0.022 


0.015 


0.025 


0.033 


0.005 


0.019 




0 


0.079 


0.081 


0.075 


0.095 


0.077 


0.080 


0.078 


0.092 


0.098 


0.080 


0.083 


0.090 


0.097 


0.081 


0.082 




N 


0.02 


0.03 


0.02 


0.04 


0.05 


0.03 


0.04 


0.05 


0.08 


0.05 


0.06 


0.04 


0.09 


0.01 


0.02 




Ni 


0.18 


0.24 


0.15 


0.16 


0.11 


0.15 


0.12 


0.49 


0.20 


0.22 


0.16 


0.15 


0.28 


0.10 


0.11 


*§ 
fife 


Cr 


10.74 


11.27 


11.61 


11.82 


12.45 


12.26 


13.16 


11.60 


8.64 


13.05 


12.75 


14.89 


8.55 


16.85 


17.14 


Cu 


0.040 


0.041 


0.010 


0.00 


0.00 


0.00 


0.00 


0.042 


0.00 


0.25 


0.00 


0.00 


0.00 


0.29 


0.00 


ft 
s 


Ti 


0.251 


0.354 


0.013 


tr. 


tr. 


tr. 


tr. 


0.020 


tr. 


tr. 


tr. 


tr. 


tr. 


0.120 


0.326 


% 


Nb 


0.01 


0.01 


0.01 


tr. 


tr. 


tr. 


tr. 


0.01 


tr. 


tr. 


tr. 


tr. 


tr. 


0.54 


0.02 




Zr 


0.02 


0.01 


0.01 


tr. 


tr. 


tr. 


tr. 


0.01 


tr. 


tr. 


tr. 


tr. 


tr 


0.51 


0.02 




Mo 


0.011 


0.013 


0.010 


0.008 


0.011 


0.009 


0.009 


0.010 


0.008 


0.320 


0.440 


0.011 


0.011 


0.005 


0.010 




V 


0.01 


0.02 


0.01 


tr. 


tr. 


tr. 


tr. 


0.01 


tr. 


tr. 


tr. 


tr. 


tr. 


0.01 


0.02 




Ta 


0.01 


0.01 


0.01 


tr. 


tr. 


tr. 


tr. 


0.01 


tr. 


tr. 


tr. 


tr. 


tr. 


0.01 


0.01 




B 


0.005 


0.005 


0.007 


tr. 


tr. 


tr. 


tr. 


0.006 


tr. 


tr. 


tr. 


tr. 


tr. 


0.005 


0.004 




W 


0.01 


0.01 


0.01 


tr. 


tr. 


tr. 


tr. 


0.01 


tr. 


tr. 


tr. 


tr. 


tr. 


0.01 


0.01 




Co 


0.02 


0.02 


0.02 


tr. 


tr. 


tr. 


tr. 


0.02 


tr. 


tr. 


tr. 


tr. 


tr. 


0.02 


0.02 




Fe 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bat. 


bal. 


bal. 


bal. 


bal. 



[0061] mi] 
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m m m 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


m m 


SUH 
409 L 


SUH 
409 


SUS 
410L 


SUS 
403 


SUS 
410S 


SUS 
410F2 


SUS 
405 


SUS 
410 


SUH 
11 


SUS 
416 


SUS 
410J1 


SUS 
429 


SUH1 


SUS 
430 
J1L 


SUS 
430 
LX 


It (T) 


1 .794 


1 .759 


1 .745 


1 .700 


1 .681 


1 .673 


1 .655 


1 .638 


1.627 


1.616 


1 .598 


1.595 


1.587 


1.581 


1.580 


m 


2220 


1930 


1 520 


1 102 


778 


623 


435 


601 


228 


820 


488 


621 


215 


1650 


1 102 


(A/m) 


150 


172 


393 


612 


455 


503 


298 


484 


385 


661 


556 


459 


423 


201 


235 


ms (t) 


0.498 


0.489 


0.485 


0.472 


0.467 


0.465 


0.460 


0.455 


0.452 


0.449 


0.444 


0.443 


0.441 


0.439 


0.439 


*tSPCC 

(%) 


82.9 


82.3 


82.3 


80.1 


79.3 


78.9 


78.0 


77.2 


76.7 


76.2 


75.3 


75.2 


74.8 


74.5 


74.5 


A(mT) 


3.8 


4.0 


4.1 


4.5 


5.0 


5.3 


5.8 


5.5 


6.2 


5.7 


6.0 


5.9 


6.8 


5.9 


6.2 


J± (ppm) 


7629 


8188 


8462 


9534 


10711 


11405 


12622 


12088 


13722 


12701 


13523 


13323 


15434 


13437 


14126 


B(mT) 


3.1 


3.2 


3.1 


3.5 


3.6 


3.8 


4.5 


3.9 


4.8 


42 


4.9 


5.1 


5.2 


4.7 


4.9 


it (ppm) 


6223 


6550 


6398 


7416 


7712 


8177 


9793 


8572 


10623 


9358 


1 1044 


1 1517 


11802 


10704 


11164 




II 


II 


I 


I 


I 


I 


I 


II 


I 


I 


I 


I 


II 


I 


I 
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m m m 






23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


m m 


SUH 
ouu 


SUS 
/ion 1 i 


SUS 
a on io 


SUS 


SUS 

a on 
4 JU 


SUS 
4ZUr 


SUS 

/lO 1 
4o \ 


SUH 

0 I 0 


SUS 
con 


SUS 
a one 


SUS 
436 
J1L 


SUH3 


SUS 

An A 

4 J4 


SUS 

4ooL 


SUH 

O 1 
C- I 




c 


0.18 


0.34 


0.35 


0.36 


0.07 


0.35 


0.12 


0.23 


0.04 


0.08 


0.01 


0.41 


0.07 


0.02 


0.08 




Si 


0.26 


0.75 


0.72 


0.62 


0.45 


0.57 


0.55 


0.64 


0.56 


0.63 


0.54 


2.21 


0.67 


0.58 


0.95 




Mn 


0.78 


0.60 


0.58 


0.51 


0.42 


0.72 


0.52 


0.77 


0.51 


0.40 


0.39 


0.32 


0.60 


0.45 


0.65 




P 


0.021 


0.019 


0.020 


0.025 


0.021 


0.026 


0.019 


0.021 


0.023 


0.029 


0.024 


0.019 


0.021 


0.020 


0.023 




S 


0.010 


0.020 


0.019 


0.019 


0.011 


0.088 


0.008 


0.022 


0.015 


0.045 


0.018 


0.020 


0.018 


0.017 


0.020 




Al 


0.039 


0.017 


0.018 


0.016 


0.031 


0.015 


0.023 


0.041 


0.040 


0.O38 


0.010 


0.035 


0.035 


0.038 


0.036 




O 


0.087 


0.088 


0.085 


0.086 


0.091 


0.089 


0.091 


0.096 


0.089 


0.085 


0.082 


0.094 


0.089 


0.087 


0.098 




N 


0.08 


0.04 


0.05 


0.05 


0.04 


0.06 


0.07 


0.08 


0.03 


0.06 


0.01 


0.09 


0.04 


0.01 


0.08 




Ni 


0.22 


0.13 


0.14 


0.14 


0.15 


0.18 


1.25 


0.72 


3.80 


0.18 


0.19 


0.27 


0.18 


0.20 


0.23 


m 

m 

5 


Cr 


11.85 


12.98 


12.85 


13.12 


16.94 


13.20 


15.81 


11.95 


16.32 


17.01 


18.65 


10.85 


16.73 


18.66 


18.58 


Cu 


0.62 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 


0.95 


3.85 


0.15 


0.59 


0.88 


1.05 


0.91 


0.00 


Ti 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


0.050 


tr. 


0.021 


tr. 


tr. 


0.110 


tr. 


% 


Nb 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


0.26 


tr. 


0.61 


tr. 


tr. 


0.42 


tr. 




Zr 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


0.01 


tr. 


0.01 


tr. 


tr. 


0.05 


tr. 




Mo 


0.620 


0.010 


0.012 


0.011 


0.009 


0.012 


0.011 


1.010 


0.010 


0.290 


0.570 


0.950 


0.940 


0.990 


0.012 




V 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


0.01 


tr. 


0.01 


tr. 


tr. 


0.01 


tr. 




Ta 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


0.01 


tr. 


0.01 


tr. 


tr. 


0.01 


tr. 




B 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


0.006 


tr. 


0.008 


tr. 


tr. 


0.009 


tr. 




W 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


0.01 


tr. 


0.01 


tr. 


tr. 


0.01 


tr. 




Co 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


0.02 


tr. 


0.02 


tr. 


tr. 


0.03 


tr. 




Fe 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 


bal. 
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* ft 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


37 


n a 


SUH 
ouu 


sus 

'fZUd I 


SUS 

A0C\ 19 


SUS 


SUS 


SUS 


SUS 

A1 1 
to I 


SUH 

R1 fi 
D I u 


SUS 


SUS 
tour 


SUS 
436 
J1L 


SUH3 


SUS 

A1A 
tot 


SUS 

tODL. 


SUH 

91 


mum 

CT) 


1.572 


1.571 


1.567 


1.564 


1.543 


1.543 


1.534 


1.509 


1.507 


1.496 


1.475 


1.474 


1.443 


1.428 


1.424 


mxtt 
mmm 


550 


458 


423 


435 


688 


296 


365 


321 


712 


267 


1319 


201 


398 


850 


461 


(A/m) 


1056 


943 


1065 


1154 


675 


1516 


992 


1215 


565 


718 


656 


1980 


801 


671 


821 


(T) 


0.437 


0.436 


0.435 


0.434 


0.429 


0.429 


0.426 


0.419 


0.419 


0.415 


0.410 


0.409 


0.401 


0.397 


0.396 


*JSPC 

c (%) 


74.1 


74.1 


73.9 


73.7 


72.8 


72.8 


72.3 


71.1 


71.1 


70.5 


69.6 


69.5 


68.0 


67.3 


67.2 


(mT) 


6.4 


6.7 


7.0 


7.2 


7.4 


8.2 


7.9 


8.0 


7.7 


9.0 


7.5 


9.1 


8.7 


9.6 


9.8 


mitm. 

pm) 


14657 


15360 


16083 


16577 


17266 


19134 


18541 


19095 


18397 


21667 


18308 


22238 


21714 


24204 


24776 


tiB 

(mT) 


5.1 


5.3 


5.5 


5.6 


5.5 


6.1 


6.2 


6.0 


5.9 


7.2 


6.1 


8.1 


8.2 


f.o 


o.o 


mmm 

IlB/ 

cotbCp 

pm) 


11680 


12150 


12637 


12893 


12833 


14234 


14551 


14321 


14096 


17333 


14891 


19795 


20466 


19666 


21489 


%M 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 


I 
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it wt m 






5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


17 




SPCC 


S10C 


S15C 


S50C 


SNCM 
420 


SCM 
415 


SNC 
415 


SCM 
440 


S35C 


S30C 


S38C 


S20C 


S55C 




c 


0.10 


0.10 


0.16 


0.50 


0.20 


0.15 


0.16 


0.40 


0.36 


0.30 


0.39 


0.20 


0.55 




Si 


0.03 


0.25 


0.23 


0.25 


0.22 


0.31 


0.26 


0.32 


0.31 


0.29 


0.33 


0.26 


0.29 




Mn 


0.54 


0.45 


0.51 


0.83 


0.65 


0.81 


0.46 


0.75 


0.81 


0.75 


0.78 


0.41 


0.85 




P 


0.020 


0.022 


0.021 


0.023 


0.022 


0.020 


0.022 


0.019 


0.022 


0.019 


0.025 


0.022 


0.026 




S 


0.010 


0.025 


0.026 


0.025 


0.025 


0.022 


0.023 


0.019 


0.025 


0.021 


0.029 


0.028 


0.030 




Al 


0.060 


0.050 


0.056 


0.044 


0.021 


0.018 


0.022 


0.012 


0.052 


0.058 


0.048 


0.053 


0.059 




0 


0.040 


0.065 


0.058 


0.061 


0.045 


0.062 


0.070 


0.065 


0.042 


0.048 


0.051 


0.047 


0.052 




N 


0.01 


0.02 


0.03 


0.02 


0.02 


0.03 


0.03 


3.00 


0.02 


0.03 


0.03 


0.03 


0.04 




Ni 


tr. 


0.15 


0.12 


0.11 


1.85 


0.11 


2.31 


0.12 


0.12 


0.11 


0.15 


0.10 


0.10 


mil 


Cr 


tr. 


0.11 


0.09 


0.13 


0.82 


0.94 


0.75 


0.96 


0.13 


0.11 


0.16 


0.12 


0.16 


/« — s. 


Cu 


tr. 


0.15 


0.18 


0.16 


0.15 


0.22 


0.20 


0.23 


0.17 


0.15 


0.20 


0.22 


0.19 


K 
S 


Ti 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


% 


Nb 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 




Zr 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 




Mo 


tr. 


tr. 


tr. 


tr. 


0.220 


0.210 


tr. 


0.190 


tr. 


tr. 


tr. 


tr. 


tr. 




V 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 




Ta 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 




B 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 


tr. 




W 


tr. 


tr. 


tr. 


tr. 
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